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it is now clear that signaling events,
such as Erk and PI3K activation, are
induced from distinct cellular com-
partments with different latencies.
Events that impinge on receptor traf-
ficking and degradation are therefore
key junction points for understanding
the physiological consequences of
receptor activation. TrkA endocytosis
and transport has been well studied,
and the concept of a signaling endo-
some that functions as a retrograde
platform that supports TrkA survival
signaling is established in the field.
Ubiquitination of cell-surface recep-
tors has recently emerged as a key
regulatory event important for inter-
nalization, signaling, and receptor
degradation. Recent studies have
not only demonstrated that Trk re-
ceptors become ubiquitinated but
that this is regulated by p75NTR
(Geetha et al., 2005; Makkerh et al.,
2005). It therefore seems likely that
regulated ubiquitination of p75NTR
and TrkA will prove to be an impor-
tant intersection point that will also
facilitate cross-regulation between
these receptors.
The work of Wehrman et al. (2007)
provides key insights into the struc-
tural and kinetic issues concerning
p75NTR and Trk interactions. With
this structural information, improving
technical tools, and an increased
focus on the cell-biological events
that underlie receptor activation and
signaling, the future is bright, and the
precise mechanisms that regulate the
p75NTR-TrkA regulatory network are
certain to emerge.
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Vesicular transporters mediate the packaging of neurotransmitters into synaptic vesicles and can
therefore control the amount of neurotransmitter released into the synaptic cleft. In this issue of
Neuron, Smear et al. demonstrate that mutation of a vesicular glutamate transporter (Vglut) found
in the retinal ganglion cells (RGCs) of zebrafish alters both the synaptic transmission and connectivity
between RGCs and their targets, limiting the transfer of visually evoked activity from RGCs and
degrading behaviors that depend on high-acuity vision.Discovered in an anatomical screen for
zebrafish retinotectal projection de-
fects, the blumenkohl (or blu) mutant
was characterized by enlarged termi-
nation zones and defasciculation of4 Neuron 53, January 4, 2007 ª2007 ElseRGC axons in a way reminiscent of
the shape of its namesake, the cauli-
flower (Baier et al., 1996; Neuhauss
et al., 1999). Reported in this issue of
Neuron, Smear et al. (2007) began theirvier Inc.investigation by assaying the mutant’s
vision using the optomotor response,
an innate behavior where zebrafish
swim in the same direction as a drifting
grating stimulus presented at the
Neuron
Previewsbottom of their tank. An elegant mo-
tion-nulling experimental design
made use of the optomotor response
to compare the perception of two grat-
ings drifting in the opposite directions:
a test grating with different spatial and
temporal frequencies across trials,
and a reference grating with fixed
properties. On average, a group of ze-
brafish will swim in the direction of the
grating that is more robustly per-
ceived, or they will not swim at all
when the two gratings are perceived
equally well. To isolate visual percep-
tion from possible motor defects, the
contrast of a given test grating was ad-
justed so that there was no net move-
ment. The lower the contrast required
for motion nulling, the more sensitive
vision is to that test grating. These ex-
periments revealed that the neural
mechanisms for processing high-fre-
quency spatial and temporal compo-
nents of the visual scene were dispro-
portionately affected by the blu
mutation.
No doubt spurred by their interesting
behavioral results, Smear et al. (2007)
mapped the blu mutation to vglut2a,
a member of the vesicular glutamate
transporter family. The mutation is
a putative null because it places
a stop codon in-frame that eliminates
more than 75% of the amino acid
sequence, including anumber of trans-
membrane domains. Although retinal
expression of Vglut2a is normally
robust, it is confined to the ganglion
cell layer, whose only glutamatergic
residents are RGCs. Because RGCs
form synapses onto targets located
(almost) exclusively outside the retina,
it is not surprising that the electroreti-
nogram and gross anatomy of the blu
retina are indistinguishable from those
of wild-type fish (Neuhauss et al.,
1999). This led to a fortuitous situation
in which the blu mutant retinas have
a selective loss of Vglut2a in RGCs,
while other Vglut gene expression ap-
pears to be unperturbed in the CNS.
Smear and colleagues hypothesized
that the mutant’s visual deficits are
likely to be a consequence of defective
synaptic transmission between RGCs
and their targets.
Smear et al. (2007) chose to investi-
gate retinotectal synaptic physiology,an odd selection at first glance since
the optomotor response does not
require the retinotectal projection
(Roeser and Baier, 2003). However,
the abnormal morphology of the blu
retinotectal projection was the pheno-
type that originally brought the mutant
into the limelight (Baier et al., 1996;
Neuhauss et al., 1999). Furthermore,
the tectum is the most experimentally
accessible retinorecipient structure,
making it the best choice for these
challenging in vivo patch-clamp ex-
periments. Both visual stimulation
and direct electrical stimulation of
RGCs evoked excitatory postsynaptic
currents (EPSCs) in tectal cells that
were within the range seen in WT, and
the electrically evoked EPSCs were
blocked by AMPA receptor antago-
nists. So blu RGCs clearly continue to
secrete glutamate in response to ac-
Figure 1. Changes in the Connectivity of
Excitatory Circuitry in the Early Visual
System of the blu Mutant
The excitatory circuitry in the early visual
system consists of photoreceptors (PR), bipo-
lar cells (BC), and retinal ganglion cells (RGC)
which project to tectal neurons (shown in
blue). RGCs, but not photoreceptors or bipolar
cells, express Vglut2a, so the retinotectal syn-
apse is likely to be the first site in the visual
stream affected by the blu mutation. At retino-
tectal synapses, the amount of glutamate
packaged in each vesicle is higher in WT (left
inset) than in blu (right inset). An expansion
of blu RGC axonal territory compensates for
their reduced synapses, but increases their
convergence onto tectal cells. The spatial
extent of the tectal cells’ receptive fields (RF)
is largely determined by the distribution of
photoreceptors that feed into the tectal cell
via bipolar and ganglion cells. Because RGC
to tectal cell convergence is higher in the blu
mutant, the receptive field is expanded.Neuron 53tion potentials. How then are blu RGC
synaptic vesicles filled in Vglut2a’s
absence? Vglut1a is a likely answer,
as it is the only other Vglut expressed,
albeit weakly, by WT and blu RGCs.
Importantly, the expression of Vglut1a
is not upregulated in blu RGCs, sug-
gesting that Vglut1a is not likely to
completely compensate for the loss
of Vglut2a.
To probe synaptic transmission in
more detail, Smear and colleagues
recorded spontaneous miniature ex-
citatory synaptic currents (mEPSCs).
The mean mEPSC amplitude was
lower in blu than in WT, consistent
with less transmitter being loaded into
the blu synaptic vesicles. Because
mEPSCs record spontaneous release
from all glutamatergic inputs and not
just RGCs, and because their ampli-
tude is affected by both pre- and post-
synaptic components, the mEPSC
data do not permit an unambiguous
conclusion about the transmitter con-
tent of RGC synaptic vesicles. Smear
et al. strengthened this conclusion by
showing that exposure to g-DGG,
a low-affinity competitive AMPA re-
ceptor antagonist, eliminates a larger
fraction of the electrically evoked re-
sponse in blu neurons than in WT neu-
rons. Because g-DGG competes with
endogenous transmitter more effec-
tively at blu synapses, the concentra-
tion of glutamate must be lower in the
mutant retinotectal synaptic cleft, pro-
viding strong evidence that the vesi-
cles contain less glutamate (Figure 1).
Possibly to compensate for this weak-
ening of individual synapses, mEPSC
frequency is elevated in the mutant.
Similar homeostatic compensation
has been seen at the Drosophila NMJ,
where increasing quantal size by Vglut
overexpression led to decreased
quantal content to maintain the ampli-
tude of end junction potentials (Daniels
et al., 2004).
Individual blu RGC arbors covered
more of the tectum and branched
more often than WT RGCs. Given
that branch number correlates with
synapse number in RGC axons (Ruth-
azer et al., 2006), the increased
mEPSC frequency in blu probably re-
flects an addition of RGC release
sites. Unless the expansion of RGC, January 4, 2007 ª2007 Elsevier Inc. 5
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pansion of tectal cell dendritic arbors,
the convergence from RGCs onto
tectal cells should be greater in the
mutant than in WT. This is indeed
the case, since blu tectal cell recep-
tive fields are expanded relative to
those in WT, indicating that they sam-
ple a larger part of the visual scene
because they are postsynaptic to
more RGCs (see Figure 1). A homeo-
static increase in the RGC release
sites is not sufficient to explain the re-
ceptive field expansion. Why don’t
the blu axons simply form more syn-
aptic contacts with a few select tectal
targets, thereby preserving conver-
gence and retinotopy? Activity-de-
pendent axonal retractions (Ruthazer
et al., 2006) are thought to reduce
convergence during retinotectal de-
velopment (Tao and Poo, 2005). Are
these retractions hindered in blu, or
is pruning simply overwhelmed by
the exuberant addition of synapses,
causing a developmental delay in the
contraction of receptive fields? Smear
et al. focused on young zebrafish (8
days postfertilization or less), so it
will be important to see if receptive
fields in blu remain expanded relative
to WT ones in older fish.
Nevertheless, the blu fish allow
Smear et al. to determine the impact
of tectal receptive field expansion on
the mutant’s vision. By comparing the
activity of multiple overlapping tectal
cells, it is certainly possible to extract6 Neuron 53, January 4, 2007 ª2007 Elsdetails of the visual scene on a spatial
scale finer than that of the tectal cell
receptive fields (Meister, 1996); how-
ever, it is more likely that the degraded
resolving power of tectal cells simply
propagates to their targets. To test
the resolving power of the tectum,
Smear and colleagues assayed the
ability of WT and blu larvae to hunt
large and small species of parame-
cium, an extremely salient behavior
that depends not only on vision but
also on the tectum (Gahtan et al.,
2005). They found that blu fish were
comparable to WT when tracking
down large prey, but significantly less
effective at capturing, or even orient-
ing toward, the small prey. Because
blu and WT fish orient their swims to
the larger paramecia with comparable
frequency and are roughly equally suc-
cessful at capturing even the smaller
paramecia after orienting toward
them, the mutants are not deficient at
capturing prey following their detec-
tion. The blu mutants eat fewer small
paramecia simply because they can-
not see them as well.
This paper is remarkable because
the authors started with a phenotype
based on a forward genetic screen
for connectivity defects and have
mapped out a plausible path from
a genetic lesion to a molecular defect
at a particular synapse to physiologi-
cal abnormalities at that synapse to
wiring errors in the local circuitry to
degraded circuit performance andevier Inc.finally behavioral deficits. This com-
prehensive approach helps establish
a higher standard in vertebrate model
systems for relating changes in syn-
aptic physiology to changes in behav-
ior, and in particular stands as a
textbook example of how genetic
screens can illuminate complex
mechanisms, including homeostatic
mechanisms, that cooperate to yield
adaptive behaviors.
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